Background: To determine which resident and program characteristics correlate with ophthalmic knowledge, as assessed by resident Ophthalmic Knowledge Assessment Program (OKAP) performance. Methods: An online survey was sent in June 2017 to all US ophthalmology residents who took the OKAP in April 2017.
Background
Medical knowledge is widely accepted to be positively associated with superior care and with better patient management. More knowledgeable physicians are more likely to adhere to evidence-based guidelines in the delivery of care and achieve better patient outcomes [1] [2] [3] . Indeed, one of the key elements of residency training is to give early career physicians sufficient knowledge for carrying out their appropriate roles. The Accreditation Council for Graduate Medical Education (ACGME) lists knowledge as one of the six core competencies required for all fields in resident training. Within the field of ophthalmology, the Ophthalmic Knowledge Assessment Program (OKAP), which is a multiple-choice, in-service examination, has been used as a measure to objectively assess core ophthalmic knowledge of residents and allows for comparison among peers, programs, and prior residents. Moreover, it is meant to serve as a guide towards preparation for the American Board of Ophthalmology Written Qualifying Examination (ABO-WQE) [4] . The WQE is an important component of board certification which is typically required for credentialing.
Given the importance of physician knowledge, it is important to provide guidance for ophthalmic trainees and their programs regarding the best methods and approaches to gain the requisite knowledge. Such guidance is increasingly important given the growing myriad of resources available to residents, including the Basic and Clinical Science Course (BCSC) books compiled by the American Academy of Ophthalmology (AAO), didactics by individual programs, review courses and books, and online question banks.
This study describes a survey of ophthalmology residents across the US to determine what resident characteristics and program attributes correlate with higher levels of ophthalmic knowledge, as judged by performance on the 2017 OKAP exam.
Methods
The study was approved by the Institutional Review Board of The Johns Hopkins University School of Medicine.
A 22-question anonymous survey (Qualtrics, Provo, UT) was emailed to all US ophthalmology program directors who were Association of University Professors of Ophthalmology (AUPO) members on June 2, 2017. The program directors were asked to forward the survey on to all residents, with response collection ending on June 30, 2017. Three reminder emails were sent during the response collection period. Program directors who forwarded the survey to their residents were asked to reply and indicate that they have done so. In the survey, participants were made aware that all data would be kept confidential and only aggregate data would be shared. Participants were informed that their completion of the survey indicated consent for participation in the study.
Data on demographics (age, sex, marital status, and year of training), geographic region of the residency training programs, and study habits (average number of months spent preparing for examination, average number of hours spent studying, average number of hours spent in research 3 month prior to exam, average work hours) were collected. Residents were asked to report their 2017 OKAP exam percentile in addition to their USMLE Step 1 scores in ranges of 10 (e.g. 210-220, 221-230, etc.). The utility of a variety of study resources was assessed with a four-point Likert scale (not at all useful, slightly useful, moderately useful, and extremely useful). The presence of program offerings such as incentives (e.g. awards, money, vacation), repercussions (e.g. remediation), and call coverage for the night prior to OKAP exam was also assessed using a 3-point scale (yes, no, and not sure). Residents' opinion regarding the OKAP exam was examined using a 5-point Likert scale (strongly disagree, somewhat disagree, neither agree nor disagree, somewhat agree, and strongly agree).
Pearson correlation coefficients were calculated between self-reported 2017 OKAP percentile and continuous variables. The two-sample t-test was used to compare OKAP percentiles with categorical variables, and analysis of variance (ANOVA) was used for variables with more than 2 categories. Additionally, a forward stepwise multivariable logistic regression model was constructed to determine which factors were related independently to higher resident medical knowledge (scoring on the 75th percentile or higher). Variables included in the model were participant demographics (age, sex, and marital status), residency program characteristics (geographic region, use of incentives or repercussions, call coverage for the night prior to examination), USMLE step 1 scores, and examination preparation (resources used, hours spent studying, work hours and hours spent in research). A linear regression was also performed to predict OKAP percentiles using the same variables. All data were analyzed using Stata. A p value of ≤0.05 was considered statistically significant for all analyses.
Results

Participant demographics
The survey was forwarded to residents by 19 of the ophthalmology programs (n = 272 residents), and 192 responses were received. This represented 13.8% of the ophthalmology resident pool in 2017 (192/1387). Of the 192 participants, 183 responded with their exact percentile, while 9 could only provide ranges because they did not recall their exact percentile. All subsequent correlation analyses were completed with the 183 participants who provided their exact percentile. Participant characteristics are summarized in Table 1 . were not significantly correlated with OKAP percentile (Table 3 , p > 0.05 for all). The write-in responses for the option of "Other" regarding study resources were "Anki cards," "On call review for complex patients," and "Self-made flash cards."
OKAP percentile and program characteristics
When residents were asked how much they agree that their year-round didactics by their residency program emphasized OKAP material, those who strongly agreed with the statement had significantly higher OKAP scores than those who strongly disagreed (mean OKAP percentile 65.8 versus 37.8, p = 0.002). Residents' opinion on whether their OKAP performance was important to their residency program or fellowship applications did not correlate with their 2017 OKAP performance (Table 4) . Furthermore, residents were asked whether their programs offered incentives for high OKAP performance, repercussions for poor OKAP performance, and/or call coverage for the night prior to OKAP exam. Those whose programs offered incentives had significantly higher OKAP scores than those whose programs did not (mean OKAP percentile 72.9 versus 57.6, p = 0.003). Residents whose programs had implemented repercussions for poor scores did not perform significantly differently from residents whose programs did not (mean OKAP percentile 59.7 versus 59.4, p = 0.98). OKAP performance also did not differ for residents whose programs had call coverage for the night before compared to those whose programs did not (mean OKAP percentile 63.2 versus 56.3, p = 0.59).
Regression analysis
Results of the univariable analysis are shown in Table 5 . On multivariable analysis, factors that were most predictive of higher ophthalmic knowledge as predicted by residents scoring on the 75th percentile or higher were higher step 1 scores (defined as every 10-point increase in scores) ( 
Discussion
In our study, we found resident OKAP performance, and by extension, ophthalmic knowledge, to significantly correlate with more hours per week spent studying as well as with incentive-based performance. Among educational resources, year-round didactics, online question banks, and review sessions were associated with better OKAP performance. To the best of our knowledge, resident ophthalmic knowledge has been evaluated in only 1 other study. The authors of that study found an association between resident knowledge, completion of clinical rotations and learning via multiple modalities. However, their study assessed resident knowledge specifically on the topic of glaucoma [5] . The results of our study have important implications for educators. In addition to being the only tool for assessing overall program effectiveness [6] , multiple studies have shown an association between OKAP performance and the ABO-WQE pass rate [6] [7] [8] . Board certification has historically been considered a sign of physician competence. In many cases, it is a prerequisite for employment and academic appointment [6] and certification status has been shown to be an important predictor of patient quality of care among medical professionals [9] [10] [11] . Johnson et al. reported a 5.43-fold increased odds of passing the WQE among residents passing the OKAP examinations, (defined as overall score in the 30th percentile or above by the authors), in all 3 years of residency training. In contrast, failing all 3 OKAP examinations was associated with more than 9-fold lower odds of passing the WQE on the first attempt [5] . Similarly, a separate study by Lee et al. that involved 246 residents from 15 institutes found OKAP scores across all 3 years of residency to be predictive of first time WQE pass rate, with third year OKAP scores being the most predictive. Additionally, the authors found a correlation between the mean OKAP scores and WQE pass rate; passing the WQE was at least 80% for a score of 35 or higher, at least 90% for a score of 53 or higher, and at least 95% for a score of 72 or higher [6] . Furthermore, ophthalmic knowledge may have important implications for a graduating resident's career, since OKAP performance is one of the factors currently used in the subspecialty fellowship selection process [12] . As the OKAP is currently one of our best assessments of ophthalmic knowledge and because it serves as an important predictor of WQE performance, it is essential that residency programs place emphasis on improving study practices.
In our study, spending greater than 20 h per week in research-related activities closer to the scheduled examination was found to negatively affect resident OKAP performance. We believe that these residents likely preferred spending more time on research-related activities than studying for OKAPs. Furthermore, resident training years are commonly associated with long and unpredictable work hours. Physician burnout and emotional exhaustion have in fact, been shown to result in decreased medical knowledge [13, 14] . The challenge for medical education is therefore, to maintain knowledge while concurrently ensuring physician well-being and adequate patient safety. There is no question that the demands of surgical residency sometimes make reading and studying difficult. Possible changes can include allocating more time for resident self-study, offering review sessions which are tailored to meet the needs of residents and providing effective access to learning content. Residents may also consider maintaining a regular study schedule throughout the year, which has been shown to result in improved medical knowledge and better performance on standardized examinations [14, 15] . Although we did not assess the effectiveness of electronic or Elearning in our study, residency programs could also consider complementing traditional didactic methods with E-learning. E-learning has been shown to be as effective as other educational approaches for acquisition of knowledge [16] . Additionally, the greater flexibility offered by E-learning courses could make them particularly useful for graduate medical education [17] . We hypothesize that improved practices such as these will result in successful acquisition and retention of knowledge among residents. This is important because knowledge is currently one of the six core competencies that graduating residents are required to achieve competency in. [18] The OKAP can therefore be used as a benchmark for ophthalmology program effectiveness in medical knowledge [18] and additionally, as an educational tool in meeting the residency training requirement for board certification [19] . While increased emphasis of program policies towards in-training examinations as well as improved resident studying habits have been known to correlate with better knowledge acquisition [14, [20] [21] [22] , limited data currently exist on how this knowledge translates into clinical [24] . This lack of association however, may have been due to several different factors, including a small sample size [23, 24] and that clinical performance was judged subjectively [23] . Future studies are needed to assess whether resident knowledge levels are associated with other competency milestones such as patient care and procedural skills. USMLE Step 1 scores are widely regarded to be a valid measure of underlying medical knowledge [25] and our study results are consistent with the notion that, medical students who are most successful with step 1 of the USMLE will be more able to acquire the knowledge needed to satisfactorily complete their ophthalmology training. We observed almost a 9-point increase in the OKAP percentile and 2.5 times higher odds of scoring above the 75th percentile, when USMLE scores moved up by every 10-point category. As such, this information benefits educators by allowing them to identify residents at risk of performing poorly, as early as possible. Identifying residents with insufficient medical knowledge is important for several reasons. Most importantly, physicians who lack adequate medical knowledge may be more likely to make errors in diagnosis and perform less well clinically, which can jeopardize patient safety [13, 26] .
Interestingly, we found residents who were less likely to rely on group study for learning, performed better. A study involving 45 general surgery residents reported similar findings, with independent study methods identified as the most effective study method for successful American Board of Surgery examination performance [27] . Potential reasons for this include that, residents partaking in self-study may have greater focus and fewer distractions as well as the ability to study at one's own pace while identifying areas of weakness that require greater reinforcement. Self-study may also be associated with higher levels of concentration, which has been shown to be an important predictor for learning [28] . However, it is important to approach these findings of group versus self-study with caution. It might be that respondents who preferred self-study generally do well on standardized tests. Furthermore, it might be that the responses we received might have been skewed from respondents who preferred self-study over group study. Incentive-based performance was found to be a very important motivator for medical knowledge acquisition in our study sample. Ophthalmic knowledge, as indicated by the OKAP scores, increased by 15 points for programs that offered incentives in the form of awards, money or vacation, compared to those that did not. Residents belonging to such programs were 3-times more likely to be in the top 25th percentile for medical knowledge concerning their field when compared with their peers. In contrast, no such relation was seen when repercussions were employed by residency programs for poor OKAP performance. Similar findings regarding incentive use and improved test performance have also been reported among school-going children [29] . In medicine, incentives have been used to improve trainee compliance with patient safety measures [30] and encourage faculty productivity in educational activities [31] . Furthermore, the recently introduced Merit-Based Incentive Payment System rewards U.S. physicians practicing higher-value care with higher fees [32] . Thus, by incentivizing examinations, residency programs might influence resident motivation and thereby improve knowledge levels.
One major limitation to our study was the limited response rate. Although we sent the survey to all training programs in the country, only 19 (15.7%) programs forwarded the survey to their residents. However, our program and respondent characteristics are comparable to that of the U.S. ophthalmology residency programs as well as the ophthalmology resident population. Based on our analysis of 121 U.S. ophthalmology residency programs, we found the average program size to be 12 residents, with the following regional distribution: Midwest 23.1%, Northeast 30.6%, South 28.9% and West 17.4%. Similarly, 240-250 was the most common Step 1 score range among our residents, which is again comparable to the average Step 1 score of 242-245 as reported by the San Francisco Match (SF Match) for the years 2014-2018. Furthermore, our study response rate, despite being at the lower end of the spectrum, is within the response rate range of surveys (10-51%) conducted in the field of ophthalmology [33] [34] [35] . Given our limited response rate, it would be beneficial to assess our results using a large multi-center study, especially for understanding factors associated with residents scoring less than the 30th percentile. Secondly, the distribution of self-reported OKAP percentile is positively skewed, indicating sampling bias, as those who scored higher on the OKAP might be more willing to complete the survey. Since residents were asked by report their OKAP percentiles, recall bias may be present, although the survey was distributed shortly after the 2017 OKAP results were released. Future studies assessing exact individual scores reported to programs (as opposed to self-reported) and correlations with objective clinical performance may be useful.
Conclusion
In conclusion, our study demonstrates several factors that correlate with OKAP performance and ways programs may strengthen resident medical knowledge as measured by OKAP performance. Programs wishing to improve resident learning and education might consider implementing strategies designed to increase knowledge acquisition. Strategies supported by our results include implementing incentives and effective access to learning content, with scheduling didactics dedicated to OKAP material and making online question banks available to residents. It may be worthwhile to consider allocating more time for resident self-study. Furthermore, Step 1 scores can help educators identify early on, residents who might be at risk for attaining insufficient medical knowledge and, for not performing as well on the OKAP. Future studies are needed to investigate whether improved resident knowledge, predicts clinical acumen after training or the Oral Exam pass rate, which is administered after the successful completion of the WQE and whether medical knowledge is correlated with other ACGME-mandated competencies.
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